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BLOOD FLOW AND NUTRIENT UPTAKE OF THE BOVINE UTERUS AND FETUS
Calvin L. Ferrell,1 Ronald L. Prior, Ronald K. Christenson,

Summary
Basic knowledge of the nutritional
and hormonal requirements for normal
development of the fetus and other gravid
uterine tissues is essential to establish
bases from which to study factors that
may contribute to abnormal fetal development. Despite recognition of this necessity, few data are available that describe
blood flow to the gravid uterus of cows.
Data obtained by Ferrell and Ford (1980)
indicated blood flow to the gravid uterus
was 75, 155, 154, 105 and 60 ml/min/kg at
80, 140, 180, 210, and 240 days of gestation. Silver and Comline (1975) reported
blood flow to be 312:t 20 mllminlkg gravid
uterus in cows during late gestation.
Blood flow to the gravid uterus in cows
was about 14% of cardiac output, which
compares favorably to the estimate of
15.7% in sheep. The estimate obtained by
Silver and Com line would represent about
35% of cardiac output. It is probable that
the estimates of Ferrell and Ford (1980)
were underestimates and those of Silver
and Com line (1975) were overestimates
of uterine blood flow.

Introduction
Data obtained in sheep demonstrate
that glucose is a primary energy source of
gravid uterine tissues. Glucose oxidation
in these and other studies represented
about 50% of fetal energy expenditures.
Catabolism of amino acids to urea represented about 25% of total energy expenditures. Studies in cows indicated catabolism of amino acids to urea represented
about 50% of the energy available from
absorbed glucose, but data were not
1Calvin L. Ferrell is a nutritionist at MARC.
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Table 1.-Mean

P. Ford

metabolite

concentrations

and arterial-venous

ences in maternal and fetal blood1
Maternal
UA-UV
Uterine
Artery

Metabolije

Oxygen, MM.. _________..
6.295:t 0.040
Glucose, MM _.. ________: 2.50 :t .036
Lactate, MM _____________
.806:t .057
a Amino nitrogen, Meq/1 ..17.11
:t .31

Ureanitrogen,Meq/1____ _

6.94

:t

.16

.665:t
.132:t
-.023:t
.407:t
-.057:t

0.027
.011
.006
.015
.036

differ-

Fetal
Umbilical

Vein

3.170:t 0.067
1.34 :t .023
2.067:t .063
35.16 :t .44
7.28 :t .18

UM-FA

1.040:t 0.054
.127:t .011
.174:t .002
.736:t .264
-.143:t
.005

'Oxygen, glucose. and lactatevalues were obtained from whole blood samples and a-amino nitrogen and urea nitrogen. Values
were obtainedfrom plasma samples.

available that would allow determination
of the relationship between glucose or
amino acid catabolism to total energy expenditures. Data from sheep have demonstrated that the utero-placental unit
utilized a large portion of absorbed glucose and that both the uterine and fetal
tissues synthesize glucose from lactate
as well as from amino acids. The objectives of the present study were to characterize rate of blood flow and nutrient
uptake of the bovine uterus and fetus.

Procedure
Mature (5-7 year old) Hereford cows
were obtained from the MARC herd.
Cows were naturally mated to Angus bulls
and breeding dates were recorded.
Surgery was performed on 16 cows at
171 :t 1 days post-mating. Cows were
placed on a surgery table and mid-ventral
incision was made to expose the uterus.
Indwelling catheters were then placed in
an artery (UA) and a vein (UV) on the
surface of the gravid uterine horn. An incision was then made in the uterus and the
fetus was exposed. Indwelling catheters
were then placed in a fetal femoral artery

(FA), fetal femoral vein (FV), and umbilical vein (UM). Beginning 2 days postsurgery, blood samples were taken from
the UA, UV, FA, and UM catheters. Plasma was obtained and later analyzed for
glucose, a-amino-nitrogen, and urea nitrogen. On day 6 post-surgery, antipyrene
(25g/100ml)
was infused into the FV
catheter as a pulse (10ml) followed by a
3.5-hr continuous infusion (0.191 Iml/min).
Blood samples were taken from the UA,
UV, FA, and UM catheters before infusion
and at 1, 1%, 2, 2%, 3, and 3% hr after the
infusion began. Blood samples were
analyzed for antipyrene, glucose, lactate,
and oxygen immediately after collection.
Uterine blood flow was estimated as RII
UV-UA and umbilical blood flow was estimated as RI/FA-UM, where RI was the
antipyrene infusion rate and UV, UA, FA,
and UM represented antipyrene concentrations in blood from the uterine vein,
uterine artery, umbilical vein, and fetal
femoral artery catheters, respectively.
Uptake of each nutrient by the gravid uterus was estimated as UA-UV concentration difference times uterine blood flow
and by the fetus as UM-FA concentration
difference times umbilical blood flow.

Results
Continued.
suited in a marked increase in serum LH
in steers and a marked increase in serum
testosterone and testes size in bulls.
These findings suggest that the poor performance of estradiol-implanted
bulls
may not be a direct result of estrogen but a
secondary one caused by negative influences imposed by estrogen on the pituitary-testicular endocrine axis. Although
this conclusion may not necessarily reflect the results obtainable with each and

every estrogenproposedas a growth
stimulant, the findings do suggest one
mechanism whereby estrogen can, in
fact, suppress the performance potential
of feedlot cattle.
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Table

2.-Concentrations

of
serum luteinizing hormone and
testosterone
and testis diameters in estradiol-1713 treated
bulls and steers

Treatment

LH
(nglml)

1

Testis
Testosterone diameter
(ng/ml)
(mm)

Bull

(-implant) 3.1:t 0.3 4.9:t 0.4 67.4:t 0.7
(+ implant)2.1:t.2
.4:t.2
46.1:t 1.4
Steer

(-implant) 6.4:t.3
(+ implant)2.1:t .1

.2:t.1
.2:t.1

1Data presented as means :!: standard error of mean of 18
or 20 animals. Data taken at the lime of implant removal. for
example. 13 months of age.

Concentrations of oxygen, glucose,
lactate, a-amino-nitrogen,
and urea nitrogen (Table 1) in the uterine artery and
umbilical vein indicate glucose and oxygen concentrations were lower in fetal
than in maternal circulation but that lactate, a-amino nitrogen, and urea nitrogen
were higher in fetal circulation. The differences between uterine arteriai' and uterine venous concentration
indicate oxygen, glucose, and a-amino nitrogen
(amino acids) were taken up by the uterus
but that lactate and urea were excreted by
the uterus into the maternal circulation.
The umbilical vein-fetal
concentration differences
flow of oxygen, glucose,
amino nitrogen from the

femoral artery
indicated a net
lactate, and autero-placental

Continued at bottom of next page.

EFFECT OF BREED AND POSTWEANING RATE OF GAIN ON ONSET OF PUBERTY
AND PRODUCTIVE PERFORMANCE OF HEIFERS
Calvin L. Ferrell'

Introduction
Age at puberty is an important production tr~it in beef cattle where heifers
are bred to calve at 2 years of age, especially when a restricted breeding season
is used. It is not only important that heifers
breed and conceive, but, for maximum
efficiency, they should breed and conceive early in the breeding season. Thus,
age at puberty may be an important selection trait for identifying breeds most suited
for efficient utilization of feed resources.
Several researchers have demonstrated
large differences among breed or breed
cross in age at puberty of heifers. Other
researchers have demonstrated that
undernutrition may result in increased
age at puberty, subnormal conception
rate, and underdeveloped udders. Overfeeding, however, may result in weak heat
symptoms, subnormal conception rate,
high embryonic mortality, decreased
mammary gland development, and de'Calvin L. Ferrell is a nutritionist at MARC

Continued.

unit to the fetus. There was a net flow of
urea from the fetus to the utero-placental
unit, however.
Estimates of uterine and umbilical
blood flow have been presented in Table
2, as well as estimates of metabolite uptake by the gravid uterus and fetus. These
results have been presented diagramatically in Figure 1. These results indicate
about 72% of the oxygen taken up by the
gravid uterus was utilized by the uterus
and placenta and that about 28% actually
reached the fetus. Similarly only 17% of
the glucose and 32% of the a-amino nitrogen absorbed by the uterus from the
maternal circulation actually reached the
fetus. A relatively large portion (25%) of
the glucose metabolized by the uteroplacental tissues was converted to lactate. Lactate was then apparently excreted to both the fetal and maternal circulations. About 20% of the a-amino nitrogen taken up by the fetus was excreted, as urea, to the utero-placental tissues, but only 8% of the a-amino nitrogen
retained by the utero-placental tissues
was converted to urea and excreted into
the maternal circulation. These data suggest a rapid rate of nitrogen (or protein)
retention
in both fetal and uterineplacental tissues at this stage of gestation.

creased milk production. Thus, proper
nutrition during the developmental period
may have both short and long term effects
on heifer productivity. The purposes of the
present study were to describe the effects
of breed and postweaning growth rate on
the onset of puberty, milk production, and
productivity of heifers.

out the 184-day

Angus (A, 68), Hereford (H, 93), Red
Poll (R, 61), Brown Swiss (B, 47), Charolais (C, 36), and Simmental (S, 90) heifers were used in a study designed to evaluate the effects of breed and postweaning rate of gain on the onset of puberty
and subsequent productive performance.
Heifers were grouped at weaning such
that one-third of the A, H, and R (small)
baifers were fed in each of three pens as
were one third of the B, C, and S (large)
heifers. One pen of heifers of each type
was fed to gain at either a low (L, 0.9
Ib/day), medium (M, 1.3 Ib/day), or high
(H, 1.8 Ib/day) rate. Heifer weights were
determined at 28-day intervals through-

Heifer weight (Table 1) differed
among breeds at all times. Increased
Continued on next page.

177 days of gestation in the cow. Glucose,
lactate and amino acids are major energy
substrates for the fetus. These nutrients
are 'major contributors to fetal growth as
well.

Umbilical

Uterine
__ ____________

Oxygen uptake, m mole/min

_ _ _ _ _

Glucose uptake, m mole/min

_ _ _ _ _

Lactate

_____

uptake,

m mole/min_

a Amino-nitrogen

Urea-nitrogen

uptake,

meq/min

uptake, meq/min

__

MATERNAL

6098:t 380
4.06:t
.16
.805:t
.067
-.140:t
.037
.248 :t
.09
-.348:t
.220

1094:t 59
1.138:t
.059
.139:t
.012
.190:t
.024
.805:t
.289
-.156:t
.005

UTERUS-PLACENTA

AMINO ACIDS2.48 meq/min

GLUCOSE .805 mmole/min

.139 mmole/mln

.666 mmolelmin

.348 mea/min

.156 mea/min
.190 mmole/min

LACTATE .140 mmole/min

OXYGEN4.06 mmoleAnin

FETUS
.805 meq/min

1.675 meq/min

"\.

\
UREA

;

flow and metabolite uptake of the gravid bovine uterus

hem
flow, ml/min

an I

Results

These data demonstrate that uterine
and placental tissues utilize a major portion of nutrients absorbed from the maternal circulation. Glucose appears to be the
major energy source for these tissues at

Blood

period

measured. At the end ofthe 184-day feee
ing period, approximately
one-half e
each group of heifers was moved to pas
ture and one-half was kept in the feed Ie
through breeding (70 days), then movet
to pasture. Puberty was evaluated b'
twice daily visual observation from abou
1 month post-weaning through the breed
ing period. All heifers were manage(
under typical management conditions af
ter breeding. Date of parturition, calf birtl
weight, and survivability were evaluated
Milk production of a sample of six heifen
from each breed and post-weaning treat
ment group was determined at approx.
imately 50, 90, and 130 days postparturr
by the weigh-suckle-weigh
technique
Cow rebreeding performance and cal'
weaning weight were evaluated.

Procedure

Table 2.-Blood
and fetus

feeding

periodically thereafter. Hip height wa

./2£34

mmole/min

1.138mmole/min

Figure 1.-Model of net flows of various metabolites through the gravid bovine uterus.
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